Background: Vitiligo is a long-term multifactorial polygenic disorder, characterized by the patchy loss of pigments in the skin. Several treatments including therapeutic creams and oral drugs are used to treat vitiligo with varying degrees of success. Some medical treatments can reduce the severity of the disease, but it is difficult to cure the disorder. Autologous non-cultured melanocyte transplantation is an effective method of vitiligo treatment. The utilization of appropriate cell suspension is a safe and efficient strategy to cure such hypopigmentation disorder. Objectives: The aim of this study was to follow up patients suffering from generalized and stable vitiligo who were treated with transplanted cells. Patients with patches in four different parts (forehead, eyelids, trunks, and hands) were selected because skin thickness varied among different body parts. We compared melanin repigmentation in these areas. Methods: We recruited 39 patients with generalized and stable vitiligo who had patches on their forehead, eyelids, trunks, and hands. Partial grafts were taken from the gluteal regions of all patients. Epidermal cells including non-cultured melanocyte and keratinocyte suspensions were enzymatically isolated and found to be of > 98% viability. Cells were injected intraepidemally. After a 12-month follow-up, repigmentation was observed. Results: The mean repigmentation score continued to improve up to 12 months post-transplantation. The obtained results confirmed that the cellular suspension that consisted of a mixture of epidermal cells improved to restore the normal color of the repigmentation rate. The number of received cells per cm 2 positively influenced the repigmentation score. Patches located on the face, neck, and trunk areas showed significantly higher responses to treatment. The pigmentation score was classified as "poor" (1% -25%), "moderate" (26% -50%), and "good" (51% -75%). This study is a research and clinical study with a brief report registered with the Ethics Committee of Avicenna Research Institute, clinical trials (letter number: 93/22/01/89), Tehran, Iran. Conclusions: The application of autologous non-cultured melanocyte-keratinocyte cell suspension could restore the patchy skin color to a near-normal level and the majority of the patients were satisfied with the results.
Background
Vitiligo is a common acquired disorder of pigmentation characterized by the development of well-defined white patches on the skin. Biopsies of skin layers reveal the loss of epidermal melanocytes (1, 2) . Melanocytes are specialized pigmented cells responsible for producing skin pigments. The epidermal melanocytes work together with neighboring keratinocytes.
Melanocytes are specialized cells that are distributed in the skin, other epithelial surfaces, and eyes. Vitiligo is a relatively common pigmentation disorder in which the skin's melanocytes are lost or destroyed. Vitiligo affects 0.1% -2.0 % of the world population. The Qual-Copyright © 2020, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited ity of Life (QOL) in patients affected by vitiligo declines severely and depression increases in these patients (3) . In recent years, various treatments such as immunosuppressive drugs, topical agents, and light-based and surgical therapies are increasingly applied to patients suffering from vitiligo for the restoration of damaged skin (4) . Despite all progresses made in therapeutic approaches, several disadvantages, including high recurrence, inadequate pigment covering, and patient unsatisfactory, are reported (5) . Significant advances in regenerative medicine and cell therapy have introduced melanocyte transplantation as a promising replacement for damaged cells (6) . Although both cultured and non-cultured melanocytes are applied to restore pigmentation, in the case of small depigmented patches, autologous non-cultured melanocytekeratinocyte transplantation may produce better results than cultured melanocyte suspension (7) . Melanocytes are the pigmented cells of the skin's basal layer. Keratinocyte growth factor has shown to regulate the proliferation of melanocytes (8) . In the last decade, stem cell therapy has gained greater attention than other treatments due to its positive results (6) . Stem cell therapy can cure different skin diseases, and replace drugs, cosmetic agents, and other impermanent treatments. However, promising results prompted researchers to extend the newest treatment with less risky techniques (9) . Thus, cell-based therapeutics are regarded as suitable substitutes for other expensive and time-consuming methods (10) for treating vitiligo patients. In this study, we report the results of a oneyear follow-up of repigmentation using autologous noncultured melanocyte/keratinocyte transplantation in 39 vitiligo patients. All the patients had used other treatments like Ultraviolet (UV), light therapy, topical corticosteroids, and various cosmetic creams. Patients with stable disease and generalized patterns, who had patches in their faces, trunks, and hands, were enrolled. After the selection of patients, isolated epidermal cells with > 95% viability were injected intraepidemally. One year later, the patch sizes were recorded and photos were taken; also, patient satisfaction, repigmentation area, and physician idea were recorded.
Methods

Patients' Selection
In total, we selected 39 patients (24 males and 15 females) who had undergone transplantation for vitiligo and had not received other treatments for their disease during the last six months. Before cell therapy, all patients received topical mometasone furoate cream, course of narrowband UV-B irradiation, and wood light examination; however, no repigmentation occurred. The age of the patients ranged from 20 to 48 years with an average of 34.33. Stable vitiligo was defined as the UN appearance of new lesions or the increased size of the existing lesions over the last six months. Patients who had extensive depigmented patches, suffered from serious systemic disease, had keloid tendencies, and lactating/pregnant women were excluded from the present study. The most critical diagnostic laboratory tests were also done before any procedure, including Fasting Blood Sugar (FBS), thyroids hormones (T3, and T4, anti-TPO: Anti Thyroid Peroxidase), and Laboratory tests for viral infections like Human Immunodeficiency Virus (HIV), Hepatitis C Virus ( HCV), and Hepatitis B Surface Antigen (HBsAg). All patients agreed with the study and signed informed consent forms at Helal Iran Pharmaceutical and Medical Complex (Tehran, Iran). All related documents were kept at the dermatology clinic. The Ethics Committee of the Breast Cancer Research Center, Motamed Cancer Institute (ACECR), Tehran, Iran .Checked the patient's selection process and informed consent at Helal Iran Pharmaceutical and Clinical Complex and approved the study as a clinical trial of the second phase. This study is a research and clinical study with a brief report registered with the Ethics Committee of Avicenna Research Institute, Clinical Trials (letter number: 93/22/01/89), Tehran, Iran.
Cell Suspension Preparation
Transplantation of autologous non-cultured epidermal cells was done. Depending on the size of the vitiligo macule, an ultrathin skin biopsy (measuring about 2 × 5 cm 2 ) was harvested using a dermatome from the patient's pigmented gluteal region under local epidermal anesthesia. The donor tissue was immediately transferred to 10 mL of Hanks Black Solution Solvent (HBSS) buffer (Sigma Chemicals, St. Louis, Mo, USA). The isolation of epidermal cells was performed as previously described (1, 11) . Cell viability was checked by the dye trypan blue and cells were simultaneously counted using a Neuberger's chamber under a light microscope; this would also identify whether the cells were viable as the dead ones stained blue. At the density of around 250 -450 cells/cm 2 , cells of the recipient area were obtained depending on the depigmented area where cells would be transplanted on (Figure 1 ).
Transplantation Procedure
Before transplantation, the recipient site was cleaned, treated with betadine and ethanol 70%, and washed thoroughly with normal saline.
Subsequently, the melanocyte/keratinocyte suspension was transplanted intraepidemally by an expert dermatologist. Following injection, the patients were allowed to take a short rest Figure 1 . The process of cell isolation from the epidermis (first A to end J). 1, The subcutaneous tissue and dermis were removed; 2, the remaining skin was cut into small sections (0.5 mm thick); 3, they were placed in 0.25% neutral Dispase overnight at 4°C to obtain the epidermis; 4, 5, and 6, dermis was removed from epidermis; 6 and 7, immersed in a solution trypsin/EDTA at 37°C for 5 min; this digestion was terminated by the addition of the serum; 8, single cell suspensions were obtained by pipette blowing, filtered through a 200 mesh filter for screening and centrifuged twice at 1,500 rpm for 6 min; 9, cell morphology was observed using inverted microscope. and leave. Patients who were not provided with any additional therapy during the six-month follow-up period were visited to evaluate the process of therapy. To this, repigmentation was checked and recorded by photography to compare with the baseline photographs at their first follow-up; patients were visited after six months for the evaluation of the process of therapy. The next follow-up was done after 12 months. The dermatologist assessed the repigmentation of the treated patches by measuring the patch surface area before cell transplantation and then estimating the approximate range of the repigmentation percentage at each follow-up visit. Patients also estimated the approximate range of repigmentation percentage at each follow-up visit. Both dermatologists and patients used a scoring system that consisted of I (1% -25%), II (25% -55%), and III (55% -85%) scores to represent their estimation of repigmentation percentage. However, the curing process was not very obvious in the hand region (about 25%). An overall evaluation of the effect in each of the 39 patients showed the following results after 12 months: good (85%), moderate (55%), and poor (25%). We evaluated the long-term permanence of the achieved repigmentation and effective factors on achieved repigmentation, in addition to short-and long-term adverse events of the cell transplantation procedure as secondary endpoints (Figure 2 ).
Statistical Analysis
Statistical calculations were performed by R (version 3.2.4) and SPSS (version 16.0). We used the binomial test to assess differences between proportions. According to the correlation between observations, the multilevel analysis was used to evaluate the effects of covariates on the response variables. A P value of less than 0.05 was considered statistically significant.
Results
In this study, 39 hypo-pigmented patients with generalized stable vitiligo were treated with epidermal cell suspensions using an intra-epidermal transplantation method in four separate areas of forehead, eyelid, trunk, and hand. In the present study, the patients' age ranged from 20 to 48 years (with an average of 34.33). The patients' condition was stable for more than six months. All of the patients were asked about concomitant disorders; only one of them suffered from hypothyroidism and 23 patients had vitiligo in their family histories (Table 1 ). The vitiligo areas did not involve more than 10% of the patients' skin. At a one-year follow-up, we observed > 50% repigmentation in the face and trunk. In the dorsal parts of the proximal and distal phalanges of fingers and hands, the pigmentation was often graded as fair or poor, especially over the hand joints. Patients that received the cell suspension on their trunk showed two different results. Two fair results on the trunk were obtained in two patients and one patient generally showed a good to excellent result, which made it possible for her to be exposed to the sun without burning. Hyperpigmentation was also seen especially on the forehead and eyelid in those who displayed white patches. When examined after 14 months, the color was the same as that of the surrounding skin ( Figure  3 ). The results obtained in this study displayed the following repigmentation rates in four different areas: 40.39% in the forehead, 43.46% in the eyelid, 41.92% in the neck, and 28.85% in hands. The highest satisfactory and repigmentation rates were 50.56% for both parameters. The average number of cells was 9 × 10 6 with 98% viability and the volume of cell suspension was 3.5 mL (Figure 4 ).
Discussion
Most previous studies showed the feasibility and safety of intraepidermal injection of non-cultured melanocytekeratinocyte as an effective treatment in vitiligo patients (12) . Due to low cost, greater tolerability for patients, higher feasibility to perform on curved surfaces, and lacking risk of scarring or Koebner phenomenon in the recipient sites, this approach is regarded as a suitable method of treatment (13, 14) . This study aimed to evaluate the longterm efficacy of a new therapeutic approach in patients with stable vitiligo by transplantation of non-cultured melanocyte in four areas of the body (i.e. forehead, eyelid, neck, and hand (7) .
In this study, we decided to check repigmentation in four areas with varying degrees of skin thickness. This report also evaluated the long-term efficacy of cell therapy in vitiligo patients suffering from generalized vitiligo. Our results demonstrated long-lasting repigmentation of vitiligo patches in most of the patients following the injection of epidermal cell suspension. We did not use any stimulant agents during the study, which enabled us to check the pure effect of cell transplantation on white patches. However, cellular therapy combined with light-based therapies might enhance the achieved repigmentation (15). The results obtained in the present study showed significantly higher repigmentation in patches located on the face, especially eyelid and forehead. Our report also supported the findings of the majority of previous studies that reported a good response of patches in the face but the resistance of hand patches to other treatment modalities such as surgical interventions and drug therapies. Since 30 years ago, studies have demonstrated that cellular-based therapies used for patients with disfiguring vitiligo, either generalized or stable type, can be another option for subjects who do not respond to conventional treatment approaches (16) (17) (18) .
Transplantation of melanocyte/keratinocyte suspension allows patients to use cellular therapies for different depigmented parts of the body (19) . An unaffected part of the body was selected to take a very thin sample of the skin, called "donor site". Patients' samples were then transferred to the lab to be processed (19, 20) . Pigment-producing cells, melanocytes, and surrounding keratinocytes were separated out (21) . After cleaning and numbing the selected vitiligous area, epidermal cell solutions suspended in normal saline were treated with the patient's serum and were injected into the depigmented areas. The transplantation/injection process in the recipient area is simple, superficial, and safe and there is no risk of hypochromic halo, nor a cobblestone appearance or necrosis. Positive results of using this technique and/or repigmentation induced by non-cultured melanocyte were achieved by different authors (22) . Another report also indicated that the highest repigmentation percentage (95%) was observed in segmental vitiligo patients and the lowest was achieved in generalized vitiligo patients (14) . Mulekar Previous studies indicated that cell transplantation on ablated skin might be a more appropriate therapeutic approach for hand vitiligo patches that usually show a poor response to treatment (25, 26) . In the present study, we reported responses in 39 patients aged between 20 and 48 years who had generalized vitiligo with stable and limited patches on forehead, eyelid, neck, and hands. By analyzing the data, we found that > 50% of patients were satisfied with the transplantation outcomes. About 25% of patients achieved poor results. The selection of patients to undergo this procedure should be carefully performed. In our patients, transplantation was carried out without complications before and after surgery. The melanocyte cell suspension transplantation seems to be an important tool for the treatment of vitiligo in patients who do not respond to conventional non-surgical treatments. In most cases, repigmentation takes place four months after transplantation uniformly and with a similar color to the original skin color. Patients with generalized vitiligo are the ones who would benefit most from this method.
The response to treatment was assessed during regular follow-up visits. The follow-up intervals ranged from 6 to 12 months after a single session of intraepidermal cell transplantation. The primary endpoint was the percentage of repigmentation that was subjectively evaluated by a single dermatologist.
Conclusions
The application of autologous non-cultured melanocyte-keratinocyte cell suspension could restore patchy skin color to a near-normal level and the majority of the patients were satisfied with the results.
